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For: METHOD FOR COLLECTIVELY 
MAKING MICRORELIEFS , AND 
ESPECIALLY MICROPRISMS BY 
MICRO-MACHINING AND TOOLS 
FOR IMPLEMENTING THE 
METHOD 



PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination, please amend the subject application as follows: 
IN THE CLAIMS : 

Please cancel original Claims 1-13. 



PLEASE ADD THE FOLLOWING CLAIMS : 

14. A method for making microcomponents (76,102) exhibiting 
microreliefs of an optical quality, in a substrate (62, 82, 92) comprising of: 

- a first step for making the desired microrelief (70, 72, 74; 80, 82; 100) for each 
microcomponent by mechanical machining of the substrate, the machining consisting of 
moving at least one tool translationally and parallel to the substrate, and 



Group Art Unit: Unassigned 
Examiner: Unassigned 



Application No. Unassigned 
Attorney's Docket No. 025219-272 
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- simultaneously with first step or after the latter, a second step for cutting out the 
microcomponents in the substrate. 

15. A method according to Claim 14, wherein the first mechanical machining 
step comprises at least two substeps: a first substep for blank-forming and a second substep 
for finishing. 

16. A method according to Claim 14, wherein the first step further comprises a 
step for obtaining optical quality for the microrelief . 

17. A method according to Claim 14, wherein the microrelief is made with a 
single tool ( 68, 78) moved at the surface of the substrate. 

18. A method according to Claim 14, wherein the microrelief is made by several 
tools (88, 98) working simultaneously and/or in succession. 

19. A method according to Claim 14, wherein the microrelief is made with a saw 
moved along one direction at a time. 

20. A method according to Claim 14, wherein the microcomponents are 
microprisms (80, 100). 



Application No. Unassigned 
Attorney's Docket No. 025219-272 

Page 3 



21. A method according to Claim 14, wherein the microprisms are made by 
using a "V" profile abrasive blade (78). 

REMARKS 

The claims of the subject application have been amended to avoid multiple 
dependency. Favorable consideration of the application is respectfully requested. 



Respectfully submitted, 

Burns, Doane, Swecker & Mathis, L.L.P. 




Registration No. 25,885 

P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(650) 622-2300 

Date: July 31, 2000 
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METHOD FOR COLLECTIVELY MAKING MICRQRELIEFS , AND 
ESPECIALLY MICROPRISMS BY MICRO-MACHINING AND TOOLS 
FOR IMPLEMENTING THE METHOD . 

Technical field and prior art 

The invention concerns machining of miniaturized 

components, for example micro-optical components. 

In particular, it concerns a method and a device 

for collectively making microreliefs and especially 

microprisms by micro-machining. 

The invention is thus related to the fields of 

microcomponents, components for micro-optics, 

microlasers or solid waveguide amplifiers pumped by 

diodes. It concerns generally microtechnology . 

Micro-optical components are used for applications 
in military and civil optics or Optronics 
(telecommunications, industries for mass-consumption 

products : "compact disc", video devices...), which 
require that components and systems be miniaturized and 
this for economical and/or technological reasons. These 
components may be collectively obtained through 
lithographic and/or etching techniques for optical or 
optronic material, whether doped or not, like silica or 
other crystalline materials such as lithium niobate or 
tantalate (LiNb0 3 or LiTa0 3 ) or even polymers or new 

organic materials. 

Microlasers and waveguide amplifiers are monolithic 
solid lasers of small dimensions pumped by laser diode. 
Their main advantage is their structure, which consists 
in a stacking of multilayers for which collective 
manufacturing methods of the type used in micro- 
electronics may be applied. Thus, it is possible to 
make reliable components by using a mass production 
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technology, potentially at a very low cost (as in 
micro-electronics) . 

Microlasers are described for example in the 
article by N. Mermilliod et al, published in Applied 
5 Physics Letters, Vol. 59, No. 27, p. 3519 (1991). 

Others microlasers are described in document 
EP-653 824. 

For certain microlasers or in waveguide amplifiers, 
the laser beam is not transmitted perpendicularly to 

10 the substrate's plane, but parallel to the latter 
(parallel to the waveguide) . For proper operation of 
the laser or the amplifier, machining the side faces is 
therefore attempted in order to obtain very good 
parallelism between them, and low roughness (a polished 

15 condition) on each of them. In certain cases, it may be 
worthwhile to send back the beam vertically or 
perpendicularly to the plane of the substrate, as in 
the case of vertical cavity lasers (VCSEL) . A 
technological solution consists then, as illustrated in 

20 Fig. 1, of positioning a micromirror 2 at 45° facing 
the output beam 4 of the laser or of the guide 6. Also, 
it may be interesting to position a micromirror at the 
input of a microlaser device. 

Furthermore, it may be appropriate, for certain 

25 types of microlaser cavities, to collectively 
manufacture microprism structures directly in a laser 
or electro-optical material; this is the case for a 
pulsed microlaser cavity with active triggering by a 
micromodulator , such as described in application 

30 EP-751 594. 

Finally, manufacturing microprisms in a laser 
material may prove to be necessary for making 
minilasers with transverse pumping, Fig. 2 is a 
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reminder of its operating basics: a pumping beam 8 
enters the microlaser or laser cavity by an input 
mirror 10, and pumping the laser active medium 12 gives 
rise to a laser oscillation 14 which will result in a 
5 laser beam 16 transmitted through and output mirror 18. 
The beam oscillates in the cavity between the output 
mirror 18 and a microprism 20 at the bottom of the 
cavity. 

For all these components, the issue is how to build 
10 these microprisms. 

Two techniques for making microprisms of any 
geometry are known. 

The first technique is described in document 
WO 96/05525. This is a method which may be described as 
15 "pseudo-collective", as it provides collective 
processing, during the manufacturing steps, of 
components, the blanks of which are pre-assembled one 
by one . 

The steps of this technique are summarized in 
20 Figs. 3A-3D. A wafer 22 of material for microprisms 
(for example: (silica) is cut out into arrays 24, 26 of 
chips which are then mounted as blocks for blank- 
forming and polishing the inclined faces. This assembly 
(Fig. 3C) is carried out on a support 30, inclined with 
25 the angle a of the desired prism, a shim 28 for glueing 
and a support 32 for glueing. After glueing, support 32 
and shim 28 are removed. 

Then, by using a polishing support 34, the arrays 
24, 26 are formed then polished on one face and if 
30 necessary on the other face (Fig. 3D) . 

These operations are essentially manual operations, 
and they require many substeps for mounting and 
dismounting which prove to be generally expensive. 
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Moreover, this method may prove to be not very 
reliable because controlling the angles from one part 
to another depends on a great number of parameters 
which are themselves badly controlled, such as for 
5 example, the thickness of the adhesive film required 
for fixing on support 30. 

And, above all, this method does not allow a 
substrate to be globally processed like a microprism 
wafer, for integration in an actual microsystem with 
10 for example a complementary structure, the unit 
patterns of which would be collectively self-aligned 
(plate to plate) . 

The second technique is based on a technology of 
the micro-electronic type and is described in document 
15 JP-59 139002. In this case, dies for replication and 
microprisms are made by lithography and etching of a 
multilayer structure. Practically, it consists in 
depositing at least two silica layers by a "CVD" 
(chemical vapor deposition) technique, and in 
20 controlling their respective etching rates by the 
annealing temperature for each layer (from 700 to 
1000°C) . The etching rate of the upper layer(s) should 
be higher than that of the lower layer (s). Thus, by 
reactive chemical etching (RIE) through the ports of 
25 the upper mask, pyramidal structures are obtained, the 
angle of which may be controlled for making 
microprisms . 

This technique is collective since mask lithography 
is performed. However, it is relatively "unwieldy" (it 
30 requires several levels of annealing and etching) , so 
it is expensive. Furthermore, it is "indirect", because 
first it requires dies to be built and then structures 
to be replicated. Finally, the thickness of the 
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structures, i.e. the vertical dimensions of the 
optically used areas, seems to be rather limited by the 
performances within the reach of present coating and 
etching methods (from a few microns (jam) to a few tens 
5 of microns ) . 

In integrated 'optics, in the field of waveguides, 
which are desirably coupled with an optical fiber, the 
issue is the quality of the coupling between the input, 
or the output of the guide and the fiber. 

10 To obtain low optical losses, the aim is to have 

low roughness of the surfaces to be brought into 
contact. Generally, it is not possible to directly 
obtain the adequate roughness at the end of guide with 
standard micro-cutout methods. For instance, in the 

15 case of integrated optics on silicon, presently the 
most performing solution consists in cleaving the 
substrate, the active silica layer is "broken" in the 
extension of the cleavage, and the silica's surface 
condition obtained at the end of the guide is 

20 excellent. The problem is that the position of the 
cleavage with respect to the integrated device on the 
chip is not properly under control, so this reduces 
the manufacturing yield for the components and so 
manufacturing costs increase. 

25 Document EP-532 229 describes an aligned cutout 

method followed, in the same operation as the cutting 
out, by polishing of the end of the guides by means of 
a diamond saw blade. With this technique, it is 
possible to both obviate the positioning problem and 

30 obtain a good surface condition at a low cost. 

More recently, H. Yokosuka et al (1996, Electronic 
Components and Technology Conference, p. 487-493) have 
described an alternative to this method, which uses a 
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separate abrasive from that of the saw blade, during 
the cutting out. With this approach, the finished 
polished condition of the ends of the guides, cut in 
such a way, may be considerably improved, and therefore 
5 the guides 1 performances. 

The above examples, show the technical problems 
which generically occur during collective or automated 
manufacturing of miniaturized "optical" microrelief s , 
whether assembled into microsystems or not. 

10 Techniques for obtaining polished surfaces of laser 

microcomponents and machined micro-optical surfaces, as 
for example machining and polishing the faces of a 
microprism at 45° made of silica or of a lasing 
material (for making a "vertical" back-reflecting 

15 mirror for the input and/or output faces of a 
microlaser or a waveguide amplifier) , resort to a 
succession of steps for blank-forming, cutting out, 
grinding and polishing which require a large number of 
substeps for preparing the samples to be processed. 

20 Furthermore, the sequencing of the steps cannot be 
considered as a true collective technique, because, at 
the best, the different microcomponents may onlyi be 
processed by arrays which must be brought back onto a 
support in order to perform a given step. Now, in 

25 certain cases, it is even necessary to deal with the 
making of components on a wafer basis, in order to 
bring back the whole set of components in one single 
block onto another substrate containing additional 
elements of the system or of the miniaturized device. 

30 

Description of the invention 

The invention provides an original solution to the 
problems because it enables the structure to be 
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machined before the cutting out and optionally the 
active surface (s) to be polished, in one or more 
sequenced steps without mounting and dismounting the 
microcomponents or the arrays. These operations may be 
performed by an automatic machine and by implementing 
this technique, manufacturing costs may be lowered 
and/or integration possibilities may be increased, 
and/or global component reliability may be improved. 

The object of the invention is a method for making, 
in a substrate, microcomponents exhibiting 

microrelief s , consisting of: 

- a first step for making the desired microrelief 
by machining the substrate, and 

- simultaneously with the first step or after the 
latter, a second step for cutting out the 
microcomponents in the substrate. 

Therefore the invention concerns the manufacturing 
of microrelief s before cutting out the components. The 
unit components are cut out in the wafer during a 
subsequent step to the machining and finishing 
operation (s) , by using a cutting tool, for example, a 
standard tool, like a diamond saw blade. 

It is understood that "microrelief" refers to any 
geometrical structure in three dimensions obtained by 
rectilinear machining of a substrate, or of one or more 
layers deposited on this substrate. 

This so-called rectilinear machining is carried out 
in this case, by machining in only one direction 
located in the plane of the substrate. 

The first machining step may comprise two substeps: 
a blank-forming substep and a ' finishing substep. 

The microrelief may be made with only one tool 
moving at the surface of the substrate, or with several 
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tools acting simultaneously or in succession. 

The vertical dimensions of the microreliefs are 
e.g. of the order of a few tens of microns (for 
example: 10 pm or 20 pm or 50 pm) to several hundreds 
of microns (for example: 200 pm or 400 jum or 600 pm) . 

A microrelief may be, for example, a microprism or 
micromirror structure for which the required surface 
condition after machining is said to be "optically" 
polished (low roughness: about 1 \im PV ("Peak to 
Valley"), i.e. 100 nm RMS (quadratic mean)). This 
surface condition may be obtained in the same operation 
as the blank-forming machining or in a second finishing 
step associated with the first step. 

Accordingly, the invention in particular, concerns 
a collective (or automated) manufacturing process, 
which allows for collective machining, in a substrate 
or in one or more layers deposited on the substrate, of 
microreliefs (for example microprisms or micromirrors ) 
with an "optically" polished surface condition (low 
roughness), in the same operation as for the machining 
of the component or of the structure, or in a second 
finishing step associated with a first blank-forming 
step. 

For example, an abrasive blade with a "V" profile 
is applied for making a microprism. 

A microprism may be defined as a microrelief with a 
prismatic structure (with one or more inclined faces) , 
for example, for optical applications; it is then used, 
in this case, for its reflection (mirror) or 
transmission (dioptre) properties on the machined 
surfaces, with an "optical" polish quality. 

This surface quality is to be understood as having 
low roughness as visually defined either by a mirror 
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finish condition which provides "good" reflection of 
light (with a relatively low optical loss rate) , or by 
a transparent condition (a relatively low optical loss 
rate by transmission) . 

Brief description of the figures 

Anyway, features and advantages of the invention 
will be more apparent in the light of the description 
which follows. This description deals with exemplary 
embodiments, for explanatory and non-limiting purposes, 
with reference to the appended drawings wherein: 

-Fig. 1 illustrates a microlaser structure 
associated with a micromirror. 

-Fig. 2 illustrates a minilaser structure with 
transverse pumping . 

-Figs. 3A-3D illustrate steps of a method for 
making microprisms . 

-Fig 4 illustrates an actively triggered microlaser 
structure ; 

-Figs. 5A-5E illustrate an embodiment of a method 
according to the invention for making actively 
triggered microlasers. 

-Figs. 6A-6C are various shapes of feasible cuts 
within the framework of a method according to the 
invention . 

-Fig. 7 is an exemplary embodiment of microprisms 
or micromirrors according to the invention. 

-Figs. 8A and 8B illustrate the making, according 
to the invention, of microcomponents , each including a 
microlaser and a back-reflecting micromirror. 

Detailed description of embodiments of the invention 

A first exemplary embodiment of the invention will 
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be given: it deals with making microlasers with active 
triggering . 

Structures for microlasers with active triggering 
are reported and described in document EP-724 316. 
5 One of these structures is illustrated in the 

enclosed Fig. 4, in which reference symbol 42 refers to 
the active lasing medium and reference 44 to a 
triggering material, for example an electro-optical 
material such as LiTa0 3 . 

10 The active medium 42 of the laser forms a first 

Fabry-Perot cavity with an input mirror 4 6 and an 
intermediate mirror 48. The triggering material forms a 
second Fabry-Perot cavity, with the intermediate mirror 
48 and the output mirror 50. For instance, the 

15 triggering material 44 may be bonded to the surface of 
the intermediate mirror 48. Both cavities are coupled. 
Triggering is performed by changing the optical length 
of the triggering material 44 through an external 
effect. If Li, n X/ (L 2 , n 2 , A, 2 ) designate the lengths, 

20 optical indices and optical resonance wavelengths of 
the first cavity (of the second cavity, respectively) , 
the relationship holds: miA,i=2n 1 L 1 and m 2 A, 2 =2n 2 L 2 with mi 
and m 2 as integers. 

If material 44 is an electro-optical material, the 

25 triggering electrodes 52, 54 are placed perpendicularly 
to the axis of the laser beam 56 on both sides of the 
triggering material 44. If a voltage V is applied 
between these electrodes, this results in a electrical 
field E=V/e, where e is the distance between the 

30 electrodes (which corresponds to the thickness of the 
electro-optical material) . Optical index n 2 and 
therefore optical length n 2 L 2 , of the electro-optical 
material is changed by the effect of the field E. This 
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affects coupling of both cavities and changes the 
reflectivity of the intermediate mirror 48 as seen by 
the lasing medium. Indeed, if resonance wavelengths of 
both cavities coincide (Xi=X 2 or niLi/n 2 L2=mi/m 2 ) the 
5 reflectivity of the second cavity (electro-optical) 
seen by the first cavity (laser material) will be 
minimum and there will be no laser effect. 

Thus, by acting on the field E, resonance 
conditions for the microlaser may be changed, including 
10 the reflectivity of the second cavity and so active 
triggering may be achieved. 

The steps for a method embodied according to the 
invention are illustrated in Figs. 5A-5E. 

Fig. 5A shows the assembly of a wafer 60 of laser 
15 active material (examples of such materials are given 
in document EP-653 824) and of a wafer 62 of a electro- 
optical material (for example LiTa0 3 ) . 

Next, (Fig. 5B) the wafer is fixed on a self- 
adhesive plastic film 64, the thickness of which may be 
20 selected and the glue r s adhesive properties may be 
adjusted by exposure to UV radiation. The whole is then 
fixed on a metal frame 66 which allows it to be 
handled. This frame is fixed on a cutting machine, for 
example via a machine surfaced suction support. 
25 This machine additionally comprises a blade or an 

abrasive disc 68 as well as means 70 for driving the 
latter into rotation. 

The selected blade here has plane and parallel 
faces, for machining vertical cuts 70, 72, 74. This 
30 blade may be a diamond saw, used as a grinder for 
blank-forming and polishing structures. 

Next, the machine parameters are adjusted (the 
speed of rotation of the blade, the feedrate into the 
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material, the cutting depth) according to the type of 
blade used (type of die in which are embedded abrasive 
grits (diamond or other material) , particle size and 
density of this abrasive, ...) . 

In certain cases (especially for the hardest 
materials) , the method is divided into at least two 
steps : 

a first blank-forming step, followed (with feature 
alignment) : 

at least one finishing or polishing step, generally 
with finer abrasive grits. 

The two step method may be carried out in a single 
pass by using a machine with dual spindle, the first 
mounted with the blank-forming blade, and the second 
with the finishing blade. To refine the surface 
condition and the defects in the material induced by 
machining, it is possible to use a cutting lubricant, 
mixed with the blade's cooling water or distributed 
separately. In Fig. 5B, a duct 75 is for bringing 
cooling fluid to the blade, for example water, with or 
without lubricant . 

After this step, a machined structure is obtained, 
as illustrated in a top view in Fig. 5C. 

A subsequent cutting step along a direction 
perpendicular to the direction of the cuts 70, 72, 74 
(Fig. 5D) provides insulation of the individual chips 
76 of the actively triggered microlaser (Fig. 5E) . For 
example, each chip may assume a "T" shape which enables 
both the active width of the electro-optical cavity to 
be defined and the electrical contacts to be placed and 
tapped on each of the active faces 77, 79. 

The parameters of the method, which depend on the 
machine, the blade and the operating conditions are 
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specifically determined for each type of application 
(dimensions of the microrelief s ) and according to the 
nature of the material making up the prisms or the 
reflecting faces to be machined. 

As an example for "sawing-polishing" of LTO 
(lithium tantalate) structures for making microlasers 
triggered by an external control voltage (as described 
above) , the following parameters were selected: 

Speed of rotation of the blade: 20000 rpm. 

Feedrate for the blade: 0.5 to 1 mm/s. 

Maximum pass depth: 0.1 mm. 

Blade type: resin type die Ref. Thermocarbon: 2.25- 
6A-3XQ-3 

Cooling of the blade: deionized water (without any 
lubricant ) . 

The observed appearance of the flanks of the output 
patterns is glossy and transparent, which correspond to 
a condition commonly designated as "optical" finish. 
- Roughness as measured by an interf erometric microscope 
of the Micromap brand, on a field of about 100x100 |am 2 
with a spatial resolution of about 0.5 jj,m, is of the 
order of 1 nm RMS (quadratic mean) and of 100 nm P-V 
(Peak to Valley: maximum amplitude shift) . 

Under these process conditions, the condition of 
the surface obtained on the electro-optical material is 
of the "optical" finish type, i.e. the material's 
machined flanks exhibit a transparent and glossy 
spectrum with a roughness of about 15 A RMS. 

The above described method may be adapted to other 
cutout forms and to other materials. In particular, the 
saw blades may be either with' plane and parallel faces, 
for example for machining vertical cuts (Fig. 6A) , or 
with one or two inclined faces with a predetermined 
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angle for machining inclined cuts for which the profile 
is illustrated in Fig. 6B. With the combination of 
these two types of blades, beveled cuts may be obtained 
for example with a profile as illustrated in Fig. 6C. 
Similarly, by combining orthogonal features (or cuts) 
or of any angle, reliefs of different, for instance 
pyramidal structures, may be obtained. 

In particular, for making microprisms, diamond saw 
blades with a "V" profile shall be used as grinders for 
blank-forming and polishing the structures. 

Through this technique, by using diamond saw blades 
which have a controlled angular bevel at the end of the 
blade, blanks for 90° microprism structures may be made 
in massive silica substrates. The possibility of 
controlling the angle to at least within 0.1° was 
checked with a profile projector. 

Fig. 7, wherein identical references to those in 
Figs. 5A-5B designate identical or matching elements, 
is an example of "sawing-polishing" of microprism 
structures 80 or micromirror structures 82 on a 
substrate 84. The blade 78 used has a truncated "V" 
profile, exhibiting a plane surface 86. 

Fig. 8A, wherein identical references to those of 
Figs. 5A-5B designate identical or matching elements, 
illustrates the making principle according to the 
invention of microprisms for collectively manufacturing 
chips for a microlaser waveguide associated with a 
micromirror for reflecting back the beam. 

A plate of active lasing material 92, associated 
with a substrate 90, is machined by using two blades 
88, 98 which for example, operate in parallel. The 
first one, defines a back reflecting micromirror 100, 
facing each laser emitter 102, whilst the second blade 
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separates each microlaser component (with its back 
reflecting mirror) from the neighboring components 
(each is associated with its own back reflecting 
mirror) . Each individual component may then emit a beam 
104 as illustrated in Fig. 8B. 

An alternative to the above described method, 
consists of making a blank, as described earlier and on 
completion of finishing (or of polishing) , of using a 
blade or a grinder, without any bound abrasive grits in 
the die, and of using this blade as a carrier of a 
separate polishing abrasive distributed along the blank 
feature. In this case, the blade without any diamond 
die, acts as a polishing support by drawing the 
abrasive grits into each of its flanks, through its 
rotation. The width of the blade is adjusted according 
to the width of the blank feature and of the particle 
size of the used abrasive (the width of the finishing 
blade is selected so as to be smaller than the width of 
the blank feature) . The structure of the blade may be 
grooved or not. 

The abrasive may be distributed either along the 
blank feature, by blasting it instead of the blade's 
cooling water, as a liquid solution, or it may cover 
for example the blank-formed wafer, as a liquid, a gel, 
or as a more compact paste. The nature of this abrasive 
(alumina, cerium oxide, diamond, silicon or boron 
carbides ...) , depends on the required hardness and 
surface condition for a given application and a type of 
material to be machined. 

A second alternative to the method may be 
implemented after the first blank-machining step, and 
instead of or in addition to the surface finishing 
step, by proceeding with chemical etching on the 
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surface or with a planar coating (for example: a metal 
layer or dielectric multilayers) , according to 
technological characteristics and specifications for 
the device. 

A third alternative to the method consists in using 
a "U" blade, the end of which is bound with abrasive 
grits, and the side part (with parallel faces) is bound 
with an abrasive of a lower particle size. This type of 
blade provides faster blank-forming (due to the large 
grit) and finishing in the same feature,- on the active 
side faces. 
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CLAIMS 



1. A method for making microcomponents (76, 102) 
exhibiting microreliefs of an optical quality, in a 
substrate (62, 82, 92) comprising of: 

a first step for making the desired microrelief 
(70, 72, 74; 80, 82; 100) by mechanical machining of 
the substrate, and 

simultaneously with the first step or after the 
latter, a second step for cutting out the 
microcomponents in the substrate. 

2. A method according to claim 1, the first 
mechanical machining step comprising at least two 
substeps: a first substep for blank-forming and a 
second substep for finishing. 

3. A method according to claim 1 or 2, the first 
step further comprising a step for obtaining optical 
quality for the microrelief. 



4. A method according to any of claims 1 to 3, the 
microrelief being made with a single tool (68, 78) 
moved at the surface of the substrate. 



5. A method according to any of claims 1 to 3, the 
microrelief being made by several tools (88, 98) 
working simultaneously and/or in succession. 



6. A method according to any of claims 1 to 5, the 
microrelief being made with a saw moved along one 
direction at a time . 
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7. A method according to any of claims 1 to 5, the 
microcomponents being microprisms (80, 100). 

8. A method according to claim 7, the microprisms 
5 being made by using a "V" profile abrasive blade (78) . 

9. A method according to claim 6, the saw having a 
blade with plane and parallel faces, or having at least 
an inclined face. 

10 

10. A method according to any of the preceding 
claims, the first step consisting of passing a blade 
without any abrasive grit in its die, this blade being 
used as carrier for a separate polishing abrasive 

15 distributed in the microrelief s . 

11. A method according to any of the preceding 
claims, the first step further comprising a surface 
chemical etching of the substrate. 

20 

12. A method according to any of claims 1 to 10, 
the first step further consisting of forming a 
planarizing coating on the substrate. 

25 13. A method according to any of claims 1 to 7, 

consisting of using a "U TI shaped blade with the side 
parts comprising first abrasive grits and the end 
comprising second abrasive grits with a larger particle 
size than the former. 

30 
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ABSTRACT OF THE DISCLOSURE 



The invention relates to a method for making 
microcomponents which exhibit microreliefs f in a 
substrate (62), consisting of: 

a first step for making the desired microrelief 

(70, 72, 74) by mechanically machining the 

substrate and 

simultaneously with the first step, or after the 
latter, a second step for cutting out the 
microcomponents in the substrate. 

Fig. 5B 
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WE (I) the undersigned inventor(s), hereby declare(s) that : 

My residence, post office address and citizenship are as stated below next to my name, 

We (I) believe that we are (I am) the original, first, and joint (sole) inventor(s) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 

"METHOD FOR COLLECTIVELY MAKING MICRORELIEFS, AND ESPECIALLY MICROPRISMS BY MICRO- 
MACHINING AND TOOLS FOR IMPLEMENTING THE METHOD" 

^ the specification of which 



I I is attached hereto. 

H was filed on February 23, 1999 

as Application Serial No. 09/601,382 

and amended on 
□ was filed as PCT international application 

Number PCT/FR99/00403 

on February 23, 1999 

and was amended under PCT Article 19 

on January 18, 2000 



We (I) hereby state that we (I) have reviewed and understand the contents of the above-identified specification, including 
the claims, as amended by any amendment referred to above. 

We (I) acknowledge the duty to disclose information known to be material to the patentability of this application as defined 
in Section 1.56 of Title 37 Code of Federal Regulations. 

We (I) hereby claim foreign priority benefits under 35 U.S.C. § 119 (a)-(d) or § 365 (b) of any foreign application(s) for 
patent or inventor's certificate, or § 365 (a) of any PCT International application which designated at least one country other 
than the United States, listed below and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate, or PCT International application having a filing date before that of the application on which priority is 
claimed. Prior Foreign Application (s) 



Application No. 



Country 



Day/month/Y ear 



Priority 
Claimed 



98 02198 



FRANCE 



24 FEBRUARY 1998 



□ YES 

□ yes 

□ yes 

□ yes 



□ no 

□ no 

□ no 

□ no 
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We (I) hereby claim the benefit under Title 35, United States Code, § 1 19 (e) of any United States provisional 
application(s) listed below. 



(Application Number) (Filing Date) 



(Application Number) (Filing Date) 

We (I) hereby claim the benefit under 35 U.S.C. §120 of any United States application(s), or § 365(c) of any PCT 
International application designating the United States, listed below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT International application in the manner provided by the first 
paragraph of 35 U.S.C. § 1 12, 1 acknowledge the duty to disclose information which is material to patentability as defined in 37 
CFR § 1.56 which became available between the filing date of prior application and the national or PCT International filing 
date of this application. 

Status (pending, patented, 
Application Serial No. Filing Date abandoned) 
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m And we (I) hereby appoint : William L. Mathis, Registration Number J7,337; Robert S. Swecker, Registration Number 
019, 885, Pl aton N. Mandros, Registration Number22,124; Benton S. Duffett^TRegistration Number 22^30^Norman H. 
f3tepno, Registration Number 22,716; Ronald L. 'Grudziecki, Registration Number^ 2 4,970; Frederick G. Michaud Jr, 
^Registration Number 26,003; AESTETKopecki, Registration Number 25J 13; Regis E. Slutter, Registration Number 2&£93^ 
yfamuel C. Miller III, Registration ^Number 27,360; Robert G. Mukai, Registration Number 2jL£LUGeorge A. Hovanec, Jr. 
registration Number 28,223; James A. LabarfeTRegTstration Number 28,632; E. Joseph Gess, Registration Number 28,510; 
fi. Danny Huntington, T?egisMion Number 2 7,903; Eric H. WeisblattTRegistration Number 30,505; James W. Peterson^ 
^ Registration Number 26,057; Teresa Stanek REA, Registration Number 30,427; Robert E. Krebs, Registration Number 
jj5,885; William C. Rowtandr^legistration Number 10J588; T. Gene Dillahun^Registration Number 25,423;. Patrick C. 
. JfeaneT^egistration Number 32,858; Bruce J. BoggsTTrT Registration Number 32^344; William H. Benz, Registration 
j&umber 25,952; Peter K. SkiffTKepffation Number ^Sl^QJJ^Richard J. McGrath, Registration Number 29J95;, Matthew 
\t. SchneiderTR^gistration Number 32,814; Michael G Savage, Registration Numbep32^g96^Gerald F. Swiss, Registration 
jjumber 10 J13 ^Michael J. Ure, RegistraSon" Number 33,089; Charles F. Wieland III, Registration Number 33,096^ Bruce 
~f . Wieder, Registration Number 33,815; Todd R. Walters, Registration Number 34,040; Ronni S. Jillions, Registration 
dumber ai^^Jiarold R. BrownTTITRgfistration Number 36,341; Allen R. BaumTRegisfration Number 16^08£^Steven 
M. Du Bois, Registration Number 35,023; Brian P. O'Shaughnessy, Registration Number 32,747; Kenneth B. Leffler, 
Registration Number 36,075 and FreiTWr^fathaway, Registration Number 32,236 our (my) attorneysTwith full powers of 
substitution and revocation, to prosecute this application and to transact luT~bu£iness in the Patent Office connected 
therewith; and we (I) hereby request that all correspondence regarding this application be sent to the firm of BURNS, 
DOANE, SWECKER & MATHI SLLP, whose post Office Address is : 1737 King Street #400, Alexandria, Virginia 
22 3T4^727 ^__r~ ' ~~~ ~~ 

We (I) declare that all statements made herein of our (my) own knowledge are true and that all statements made on 
information and belief are believed to be true ; and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such wilful false statements may jeopardise the validity of the application or any patent issuing 
thereon. 
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